AbstrAct
introduCtion
Puberty is the period when endocrinological and gametogenic function of the gonads have first developed to the point when reproduction is possible. 1 Puberty is characterized by marked physiological and neuroendocrine changes in the reproductive system that results in secondary sexual characteristics; it is a transition period between childhood and adult life. In girls, the first event of puberty is thelarche followed by pubarche and then menarche.
2 Menarche refers to the first menstruation a girl has in life. 1, 2 Menarche is a relatively late event in the pubertal milestone, but it is the most striking one. Menarche signifies maturity of the hypothalamo-pituitary-ovarian axis, it is the end point of a complex maturation process that has being in progress for many years before the event. The initial menstruations are anovulatory in the first 12-18 months.
2
Menarche is an event that is readily identified by most women. While menarche is an easily identified event in the female, early sexual maturity in the male is more subtle and difficult to be identified. The early pubertal changes in the male include an increase in the scrotal volume and penile size. 3 Menarche is a reflection of the health status of a society, it signifies sexual maturity in many African societies, the age at sexual debut; the age at first pregnancy and birth. Menarche is a predictor of some later life health condition such as carcinoma of the breast, endometrial and ovarian carcinoma, and rheumatoid arthritis among others. 4, 5 The exact stimulus for the onset of menarche is not known but it is influenced by genetic factors, environmental factors, nutritional factors, and medical factors.
The age of menarche varies from population to population. The age at menarche in the United States of America was found to be 11.4±1.3 for black girls and 11.5±1.3 for white girls. Age at menarche in Italy was 12.0 yrs, while in Germany it was 13.5 yrs.
3 In Thailand it was found to be 12.5 yrs 3 , in Mozambique age of menarche was found to be 13.91±1.29 yrs among girls in Maputo
6
, while in the West African sub-region age at menarche in Ghana 7 was 13.43±1.42 and 16 years in Senegal.
3
Studies done in the various zones of Nigeria revealed that at Ife in the South Western part of the country, the age of menarche was found to be 13.98±1.38 years 8 , Port Harcourt in the South-South of Nigeria found age at menarche among school girls to be 13.43±2. 19 2 and findings from Zaria in Northern Nigeria found the age at menarche to be 14.2 years 4 while in Jos it was 13.5±1.33 years. 9 Ilorin is in the North Central zone of Nigeria
1
, a study done among school girls there about 20 years ago found the age at onset of menses to be 13.7±1.1 years.
The age at menarche among girls with sickle cell disease in a study done in South Eastern Nigeria was 14.5± 1.13 years compared to 13.3 ±1.09 years among girls that had hemoglobin genotype AA in the same area 10 , similar findings were observed in a large observational study in Jamaica.
11
Studies on the trends in age at menarche done in many parts of the world have shown a gradual decline in the age at which girls attained menarche, countries like USA, Scandinavian countries, Chuvasha region of Russia and Nigeria. 12 Assessment of age at menarche can be done by either the recall method or by the status quo method. [3] [4] [5] 13 The status quo method is more reliable than recall method.
5
Accuracy of the information given can be influenced by peer pressure and the ability of the girls to remember details about their development. 4 The aim of this study was to determine the relationship of anthropometric measurements and hemoglobin genotype with age of menarche among schoolgirls in Ilorin, Nigeria. The specific objectives of the study include determination of the age of menarche among the school girls, the relationship between age of menarche and anthropometric measurements, hemoglobin genotype, sporting activities and mother's age of menarche.
Methods
This prospective study, a descriptive cross sectional in design was conducted among school girls in Ilorin, Nigeria between September 2008 and April 2009. University of Ilorin teaching hospital ethical and research committee approved the study.
Study population:
The study population was selected secondary school students who had attained menarche. Inclusion criteria used are as follows: Students, who are of Nigerian nationality, must have attained menarche, can recall the age at which they attained menarche and willing to participate and has given consent. Those that are non Nigerians, have not attained menarche, could not recall the age at which they attained menarche, students who could not remember their age at menarche or students who are not willing to participate in the study were excluded.
sample size: The calculated minimum sample size was 349; making allowance for at least 20% attrition rate, the sample size was 419.
sampling technique: Multi-stage sampling technique was employed in selecting the subjects for the study.
Data collection:
Pretested questionnaire was administered.
The following information were obtained. Students' age, level of education, menstrual history, family history, educational level of parents and parents occupation from which respondents' social class was calculated and clinical profile of the students were obtained. The recall method was used to obtain information about age at menarche. However this method is less accurate than status quo method. [6] [7] [8] 17, 18 The students' anthropometric measurements such as weight and height were done and body mass index calculated. laboratory analysis: Hemoglobin genotype was determined using the electrophoretic tank with cellulose acetate paper at a ph of 8.4. data analysis: Data entry and analysis was carried out with a micro-computer using the Epi info version 6.0 software packages. Student T test was used to test means of continuous variables and discrete variables to test for any statistical difference with the mean age at menarche. The haemoglobin genotype and mean menarcheal age was also analyzed for any statistical significance. A p-value less than 0.05 was considered significant.
results
Five hundred and sixty students selected from five secondary schools within Ilorin metropolis agreed to participate in the study but only 407 students completed their questionnaires sufficiently for analysis, giving a response rate of 97.14%.
The age range of the respondents was between 11 and 21 years with a mean age of 15.40 ± 1.69 years. Majority of the respondents 288 (70.8%) were in the age range of 15 to 19 years at the time of the study with mean age of 15.4 ± 1.69 years. Most of the respondents, 371 (91.1%) were in senior secondary school classes (SSS 1-3). The remaining students were in the junior secondary (JSS)classes.(Table2) Table 1 illustrates the menstrual history of the respondents. The menarcheal age ranged between 9 and 17 years, the mean age at menarche of the study population was 13.21 ± 1.29 years. Majority (76.7%) attained menarche between the ages of 12-14 years. Only 161 respondents gave information on their cycle length. The cycle length of the studied population ranged between 18-60 days, with a mean of 26.03 ± 6.14 days. Of this number, 15 (9.3%) had cycle length less than 21days, 109(67.7%) had cycle length between 21-28 days, 34 had cycle length between 29-35 days and 3 had cycle length greater than 35days.
Menstrual history of respondents

Parents' educational status and occupation:
The educational status of parents and mean menarcheal age of respondents is as illustrated in table 2. Three hundred and forty-eight (85.5%) of the respondents' mothers had either secondary school education or tertiary education, 59 (14.5%) had either formal education or only primary school education. The mean menarcheal age of girls whose mothers had tertiary education was found to be 12.96 ± 1.30 years, while those with no formal education 13.65 ±1.42 years. Regarding father's educational status, 369 (90.7%) of the fathers had either secondary or tertiary education, and (9.3%) had either no formal education or they had only primary school. The mean age at menarche was 13.06 ± 1.32 years in children whose father had tertiary education and those whose fathers had no formal education was 13.38 ±1.41 years. (Table 4) The occupation of the parents ranged from the professional groups (38.3%), non-academic professional (26.5%) and the non-manual skilled workers (8.4%). The other parents belong to the manual work (24.3%) and the unemployed group (2.5%). The children whose parents are professionals attain menarche earlier than the other groups(p=0.0003). Total 407 100 Table 3 shows the social class distribution of respondents. Respondents in social class I had the lowest mean age at menarche, which was 12.67 ± 1.20 years, while those in social class IV had the highest mean menarcheal age of 13.78 ± 1.15 years. Two hundred and twenty-two (54.6%) of these students were from the upper socio-economic class (classes I and II); the mean menarcheal age of girls in the upper socio-economic class was 12.90 ± 1.29 years, this was significantly lower than the mean age at menarche of the other 185 (45.6%) girls in the lower socio-economic class (classes III,IV and V) whose mean menarcheal age was 13.58 ± 1.20 years (p=0.0000). Distribution by sports activities: One hundred and sixtynine (41.52%) in the studied population were involved in one form of sports activity or the other. The sports activities they were involved in were mainly athletics. The other sporting activities ranged from the light type such as table tennis to the more vigorous ones such as football, basketball, and volleyball. The mean age at menarche of respondents involved in the sport activities was 13.14 ±1.28 as against 13.27± 1.30years for those that were not engaged in any form of sporting activity (T 0.8, p 0.32).
Distribution of mother's age at menarche:
One hundred and twenty one students mothers remembered the age at which they attained menarche. The mothers' age at menarche ranged from 10 to 19 years with a mean of 14.39 ± 1.82 years; this was significantly higher ( F 8.15, p=0.005) when compared with the mean menarcheal age of their own daughters 12.89 ± 1.21years.
anthropometric measurements: The height of the respondents ranged between 1.4 and 1.82m, the mean height was 1.58 ±0.06m. Approximately half of the respondents (51.3%) were between 1.50 and 1.59m. The height was not significantly related to the mean age at menarche (p=0.81).
The weight ranged between 30 and 82kg with a mean of 51.33 ± 7.85kg. Three hundred and thirty-eight (83.05%) students weighed between 41 and 60kg. The weight was not significantly related with the mean menarcheal age of respondents (p=0.39).
Respondents Body mass index (BMI) distribution is illustrated in figure 1 . Majority (80.3%) of the respondents were in the normal BMI (18.5-24.9 kg/m 2 ) category, 56 (13.8%) were underweight (<18.5 kg/m 
disCussion
Menarche signifies the attainment of sexual maturity in girls. 5 The mean menarcheal age in this study was 13.21 ± 1.29 years. This is comparable to the mean menarcheal age of 13.30 ± 1.09 years observed in Enugu in the South Eastern part of the country 10 , 13.43 ± 2.19 years in Port Harcourt, South-South of Nigeria 2 and 13.94 ± 1.31years in Ife in the south western part of Nigeria.
14 However, it is less than 14.2 years found in Zaria in Northern Nigeria. 4 This is also comparable to values obtained in other West Africa countries such as Ghana and Senegal. 3, 7 The mean menarcheal age of this present study was noted to be less than the mean menarcheal age of 13.70 ± 
8
The observed trend may be due to improved nutrition of the Nigerian girl child and the improvement in the quality of life in the urban areas of the country.
The mean menarcheal age of mothers was about 1.5 years greater than their own daughters' mean menarcheal age (p=0.005). An improved quality of life over the years maybe responsible for this, some of these mothers probably attained menarche during the period of economic recession Nigeria experienced in the early-mid eighties. The lower mean menarcheal age of the daughters probably signifies the interaction of other factors other than genetics being at play in the timing of age at menarche. 3 The menarcheal ages of the mothers was obtained by the recall method and this method of estimating menarcheal age has been documented to be fairly accurate in middle aged women.
5
The parental education level and occupation determines the socio-economic class of the child. The age at first menstruation was found to be significantly related to the socio-economic class of the respondents (p=0.0000). The school girls in the high socio-economic class attained menarche six months earlier (p=0.0000) than their counterparts in the low socioeconomic class, this is in agreement with the findings of other studies. 1, 3, [6] [7] [8] 12, 16 Socio-economic class has been found to be a consistent factor affecting menarche in most societies. 3, 12, 16 Female education particularly has been found not only to improve child survival but it also improves the quality of life of the child. 17 This study also found a significant difference among children whose parents are educated and those whose parents have no formal education or only have primary school education. This is in agreement with other studies. 6, 16, 18 Education plays an important role in deciding the financial resources available to the family 16 and the allocation of the resources to family upkeep, health care and quality of food available to the family. Educated parents not only have better-paid jobs than their uneducated counterparts have but they also tend to have a better knowledge on nutrition.
The measured mean height and the mean weight found in this study were greater than those recorded in a previous study among schoolgirls from the same sociocultural background conducted 25 years ago.
1 The higher anthropometric measurements may be a reflection of the improved socio-economic status of the studied community. This may also explain the secular trend in the age of menarche noted. The earlier study was conducted during the military era when the Structural Adjustment Program was introduced into the country in the mid eighties. The secular trend noted is in consonance with observations from other parts of the world. 3, 12, 19 The possible explanation for this trend is the improvement in socio-economic status of parents and the better nutritional status of schoolgirls. A similar finding of higher anthropometric measurement was observed among migrant Senegalese adolescents compared with those adolescents who reside in the rural areas; the migrant group with the higher anthropometric measurements attained menarche at an earlier age than their counterparts in the rural area.
19 This is further highlighted with a significant finding of a younger age at menarche of the high social class, who have greater mean height and body mass index (p=0.038 and 0.047 respectively) in comparison with those in the low social class. The mean weight was however found not to be significantly different across the social classes (p=0.59). The weight may be a reflection of the current nutritional status while the height may reflect the nutritional status of the individual over the years. The non significant statistical finding defers from reports of some investigators who noted either weight or height as the significant factor determining menarche. 3, 4 A critical weight of 48.5kg has been proposed as being necessary for menarche to occur 18 , while this study did not aim to verify this, the observation from the study was that the mean weight (51.33 ± 7.85kg) of the respondents was greater than this proposed critical weight. This observation may however be due to the fact the anthropometric measurements of most of the respondents were taken many months after their menarcheal ages.
Homozygous sickle cell disease (haemoglobin genotype SS) occurred in 1.47% of this study; this is in agreement with the national prevalence of homozygous sickle cell disease in the country. 20 Respondents with haemoglobin genotype SS attained menarche at a significantly higher age when compared with respondents with non-sickle cell disease haemoglobin genotypes (p=0.0000). The factor responsible for this delay is not exactly known 10, 11 but it may be due to the common occurrences of frequent childhood illnesses and micro-infarction in the ovaries and pituitary gland in this group of children. The cellular immunity in homozygous sickle cell disease patient is impaired which predisposes them to recurrent infection and malaria and they are also prone to stunted growth. 21 These may explain the reduced anthropometric measurements of these girls compared with their counterparts who do not have sickle cell anaemia.
The observation from this study was that all respondents with homozygous SCD are all from the high social class. The parents of this group of schoolgirls are probably more knowledgeable and more motivated in recognizing the features of ill health and seeking appropriate help for their wards.
